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能够在均匀场下获得化学位移和 J 偶合等信息，在以 z 方向线性为主的不均匀磁
场中，同样能够获得有效的 NMR 信息。通过数据处理还可以将超快速二维



























































Study on Spatially Encoded Ultrafast Two-Dimensional Correlated 




Numerous scans are required to obtain the data of a conventional 
two-dimensional (2D) or multi-dimensional (mD) NMR spectrum in order to make 
the spectral qualities acceptable, which leads to long acquisition time. Spatially 
encoded ultrafast method enables the whole 2D or mD spectral data to be acquired 
within a single scan, thus greatly shortening the experimental time. It presents unique 
superiority when experimental time is mainly concerned, such as in the cases of in 
vivo, fast chemical and biological reactions and in unstable magnetic fields. In this 
paper, some innovative ultrafast acquisition techniques were proposed. The main 
work is listed below. 
1. The principles of spatially encoded single-scan ultrafast method were 
systematically and comprehensively introduced, including frequently used encoding 
modes, decoding principle and data-processing method. The development and 
limitations of the ultrafast method were also discussed. Moreover, its applications in 
NMR spectroscopy, magnetic resonance imaging (MRI) and inhomogeneous magnetic 
fields were described in detail. Practical considerations and experimental parameters 
settings were discussed. 
2. The spectral widths in the direct (F2) and indirect (F1) dimensions of the 
spatially encoded single-scan ultrafast 2D spectra were analyzed and their influencing 
factors were discussed. Delay interpolating technique based on multiple scans was 
utilized to extend the spectral width in the F2 dimension. Experiments were 
performed to verify its feasibility. It provides an effective choice for studying the 
samples with wide resonance frequency range. 
3. An ultrafast 2D spin echo correlated spectroscopy (SECSY) sequence based on 














the evolution of spins in the F1 dimension was insusceptible to the field 
inhomogeneities. As a result, effective NMR information, such as chemical shift and 
J-coupling, can be obtained not only in well-shimmed magnetic fields but also in 
inhomogeneous fields with heterogeneity mainly linear along the z-orientation. The 
ultrafast 2D SECSY spectrum can be further converted to a correlated spectroscopy 
(COSY) counterpart through mathematical transformation.  
 





























一般可以将二维磁共振序列分成如图 1.1 所示的 4 个阶段，即预备期（d1）、演化
期（t1）、混合期（tm）和采样期（t2）。在间接维的演化过程中，可以设计不同的
混合期来获得不同的磁共振信息，并由此产生了很多较为常用的二维脉冲序列，
例如二维 COSY，TOCSY，J 分解谱，HSQC，HMQC 和 HMBC 等等。采集一
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期数据处理等方面。其中具有代表性的是 Schanda 和 Brutscher 在优化了延时和
脉冲翻转角的基础上提出了 SOFAST-HMQC 脉冲序列来快速获得蛋白质样品的
二维 HMQC 谱[5]；径向采样和同心圆采样等非常规的采样方式也能够有效缩短






图 1.1 常规二维核磁共振脉冲序列时域图 
 
受到英国诺丁汉大学 Mansfield 提出的回波平面成像（EPI）采样原理的启发，
以色列魏茨曼科学研究所的 Frydman 将 EPI 的思想引入了磁共振波谱中，并提出
了基于空间编码的单扫描超快速方法[15, 16]。如图 1.2 所示，二维超快速采样方法
的脉冲序列时域与常规二维序列相比，实质就是在间接维用快速的空间编码来替
代耗时的常规时间编码，从而实现了只需对序列的单次扫描就可以采集到整张二
维谱数据。超快速采样方法采集一张二维谱所需的时间为 1 1 2 2( )md t t N t    ，
若不连续进行多个谱图的采样，d1 可以设为 0，这样实验时间通常只需几百毫秒
（例如 200 ms）。该方法也可以扩展至多维的情况。 
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